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Cloning and expression ol acidic fibroblast growth factor. 

*J) Unique genet coding for the amino add sequence of 
bovine acidic fibroblast growth factor (aFGF) and human 
afGF are constructed The bovine gene is derived from re- 
verse translation of the aFGF amino acid sequence while the 
human gene is derived by specrf tc point mutations of the bov- 
ine gene. Each gene construct is inserted into an expression 
vector which is used to transform an appropriate host. The 
transformed host cells produce recombinant aFGF (r-aFGF). 
human or bovine, which it punned endhes an activity equi- 
valent to the native protein. " 



trnB 
POStTtCN 
6* '6 



poena* 

4*43 



/ 



/ 



' / 



/ 



i — 



12 3 1 



88072401 




CL 

o 

o 

111 

CD 

5 



05 
LU 
CO 




17458Y 



- 1 - 



I 



TITLE OF THE INVENTION 

CLONING AND EXPRESSION OF ACIDIC FIBROBLAST GROWTH 
FACTOR _ v w _ — ^ , ._^^__ s _ s ___ . _. — — 
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BRIEF DESCRIPTION OF THE DRAWING 
10 Figure I is a diagram of the pKK223-3 

plasmid .containing -the gene for aFGF - 



BACKGROUND OF THE INVENTION 

Brain derived fibroblast mitogens were first 
described by Trowel 1 et al . , J. Exp. Biol. 16: 60-70 
(1939).. and Hoffman, Growth 4: 361-376 (1940). It was 
subsequently "shown "that "pituitary extracts also had^.: 
potent mitogenic activity for fibroblasts, Arroelin, 
Proc._Natl,_Acad. Sci USA 70: 2702-2706 (197*:.). 
Partial purification of both brain and pituitary - 
fibroblast growth factor (FGF) revealed mitogenic 
activity~against~a"variety of types of differentiated 
ce 1 1 s -i nc 1 ud i ng-v a scu 1 a r~ endot he 1 i a 1 ce 1 1 s , Gospod a r o 
wicz et-al., Natl. Cancer Inst. Monogr. 48: 109-130. 



J J. 



: 



88072404 



X X.' 



0250853 



4038P/1197A 



- 2 - 



17458IA 



(1978). It has recent ly been shown that FGF exists 
in two forms, acidic FGF (aFGF) and basic FGF (bFGF). 

" and both forms" have been identified in brain 

preparations, Thomas and Gimenez-Gallego, TIBS 11: 

S 8 1-84 (1986) . -S umerous cell types respond to . 
stimulation with either purified aFGF or bFGF to 
synthesize DNA and divide, including primary 
fibroblasts, vascular and corneal endothelial cells, 
chondrocytes, osteoblasts, myoblasts, smooth muscle 

10 and glial cells, Esch et al . , Proc. Natl. Acad. Sci. 
USA 82: 6507-6511 (1985); Kuo et al . . Fed. Proc. 44: 
695 (1985). 



~Pure~bpvine brain-derived aFGF not only acts 
as a potent mitogen for vascular endothelial cells in 
15 culture but also induces blood vessel growth in vivo, 

_ Thomas et al.. , Proc._Natl. Acad. Sci. USA 82: 

6409-6413 (1985). The fibroblast mitogenic activity 
of aFGF can also be utilized to promote wound healing, 
Thomas, U.S. Patent 4,444,760. The present invention 
20 -provides a genetic -construct and means of expression 
" that alldws'the production of large amounts of pure 
aFGF that can be_ used therapeutically. 
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OBJECTS OF THE INVENTION 

It is, accordingly, an object of the present - 
Irivent iw^o^px« vd d e^asnu cleo t i d e .base, sequence ._. t p r - c . 
both bovine aFGF and human aFGF from the amino acid 
sequences of the- specific proteins. Another object . 
is to produce genes coding for the specific aFGFs and 
incorporate the_genes_ into appropriate cloning 
" vec to r s V- A "f ifir the r=6b j ect" i s to transform an 
appropri ate. .host. with^.ea.ch-.of . the. recombinant yectors 
and to induce expression of_the specific aFGF genes. 




* - . * » » - 



- w _ — < •- - ^ - . — 



— ■ — . — 



88072404 




4038P/1197A - 3 - 17458IA 

Another object is to isolate and purify biologically 
ajctive bovine aFGF and human aFGF. These and other 
objects of the present invention will be apparent 
from the following description. 

5_ . _ _ ... 

~ ' SUMMARY OF THE INVENTION ' 

Unique genes coding for the amino acid 

sequence of bovine acidic fibroblast growth factor 

(aFGF) and human aFGF are constructed. The bovine 

10 gene is derived from reverse translation of the aFGF 

~ amino acid sequence while the human gene is derived by 

specific point mutations of the bovine gene. Each 

gene construct is inserted into an expression vector 

which is used to transform an appropriate host. The 

15 transformed host cells produce recombinant aFGF 

( r-aFGF) , human or bovine, which is purified and has 

an activity equivalent to the native protein. 

DETAILED DESCRIPTION 
- 20 Acidic fibroblast growth factor exists in 

various microheterogeneous forms which are isolated 
from the various tissue sources and cell types known 
to contain aFGF. Microheterogeneous forms as used 
herein refers to a single gene product, that is a 
25 peptide produced from a single gene unit of DNA, 
which "is /.structurally modified following • — 



translation. The structural modifications, however, 
do not result in any significant alterations of 
biological activity of the peptide. The modifications 
30 may take place either i_n vivo or during the isolation 
=7T ~Snd ~pur ff icat iori~process . In~ vi vo ' modification 
z^^res.u.lts.-xa.buJ: ..is_not^li.mi ted to proteolysis, 
r,. - glycosylation, phosphorylation or acetylat ion at .the 
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N-terminus. Proteolysis may include exoproteolysis 
.wherein one or more terminal amino acids are 
sequentially, enzymatically cleaved to produce a 
microheterogeneous form which has fewer amino acids 
5„ than, the original gene product . Endoproteolytic 

modification results from the action of endoproteases - 
which cleave the peptide at specific locations within 
the amino acid sequence. Similar modifications can 
'occur during the purification process which also 
10 results in production of micro- heterogeneous forms. 
The most common modification occur ing during 
purification's proteolysis which is generally held 
to a minimum by the use of protease inhibitors. 
(Under roost conditions a mixture of microheterogeneous 
15 iforms are present following purification of native 

. aFGF . - Native aFGF_ref ers _to aFGF isolated and 

purified from tissues or cells that contain aFGF. 

The invention is contemplated to include all 
mammalian microheterogeneous forms of acidic 
-20 -fibroblast- growth -factor. The preferred embodiments . 
include bovine and human microheterogeneous forms of 
atT-F. The most perferred microheterogeneous forms of 
bovine aFGF include a 154 amino acid form, a 140 
amino acid form and a 134 amino acid form. The. 140... 
:;25„ amino acid form is shown in TABLE III and is the most 
^ ~SrWe~rTed^r>«tfe«s*ovi-n«- -specie**—- The .LSA-ajnino-aciA-? 

form includes the following additional amino acids; 
Ala-Glu-Gly-Glu-Thr-Thr-Thr-Phe-Thi-Ala-Leu-Thr-Glu- 

Lys, with the carboxyl terminus Lys attached to the 
30 amino terminus Phe atthe first position of the 140 
" Y ~ am i n o~ a' c i d " f 6 r m ~ T he " 1 3 4 ■ a m i no a c i d form is - 
..identical -tor the -140 -amino acid form except thatj:he 
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first'6 amino~acids of the amino terminus have been 

removed, when isolated the relative amounts of these 
microheterogeneous forms vary depending on the process 
used but all preparations contain at least a portion 

5 of each form. 

Human aFGF exhibits a similar microhetero- 
geneity to that of bovine aFGF. The most preferred 
microheterogeneous forms of human aFGF include a 154 
amino acid form, a 140 amino acid form and a 139 amino 
10 acid form. _The human 140 amino acid_ form differs from 
the bovine form by eleven amino acids, as shown in 
=:S:i * & TXB^ form contains the- exact - 

^— ^sequence~of the human 140 amino acid form plus the 14 
additional amino acids associated with the bovine 154 
15 amino acid form, with one exception. The amino acid 
at the'fifth position of the N-terminus or at the -10 
position as determined from the 140 amino acid Phe 
n-terminus in the human form is isoleucine and is 
substituted for the threonine in the bovine form, 
- 20 - The additional 14 amino acid human N-terminal 

sequence is; Ala-Glu-Gly-Glu-I le-Thr-Thr-Phe-Thr- 

Ala-Lue-Thr-Glu-Lys . A third form of human aFGF - 

contains 139 amino acids and ir equivalent to the 
human 140 amino acid form with the amino terminus 

^^p^sxis^^P 1 ^ _ r s rnoved • The amincr term ^ us : as ?_ ar ^L ne : 



residue may be deamidated to aspartic acid in the 139 
amino acid form of human aFGF . The 140 and 139 amino 
acid forms are the most preferred forms of the human 
microheterogeneous forms . 
r~ 3 0 z -:- '. ":zrrr Mammalian r-aFGF~ is" produced by^cloning-the— 
_ natural gene from either the genomic DNA or cDNA, or 

by construction of a gene for one of - the - - 
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microheterogeneous forms of the protein based on the 
known amino acid sequences of these 
microheterogeneous forms of aFGF from mammalian 
species including man. Genomic DNA is extracted from 

.5 manwialian^brain-or-pituitary cells and prepared for 

cloning by either random fragmentation of high- 
molecular-weight DNA following the technique of 
Maniatis et al . , Cell 15: 687-701 (1978) or by 
cleavage with a restriction entyme by the method of 
10 Smithies et al . , Science 202: 1284-1289 (1978). The 
genomic DNA is then incorporated into an appropriate 
_ cloning vector , generally E. coli lambda phage, see _ 
Maniatis et al., Molecular Cloning , A Laboratory 
Manual, Cold Spring Harbor Laboratory, Cold Spring 
15 Harbor, New York (1982). 

To obtain cDNA for - aFGF, poly (A) -containing 

RNA is extracted from cells that express aFGF by the 
method of Aviv and Leder, Proc. Natl. Acad. Sci. 69: 
.1408-1412 (1972). The cDNA is prepared using reverse 
20 transcriptase and~DNA polymerase using standard 

techniques, as described in Maniatis et al . , Molecula 
Cloning, a Laboratory Manual, Cold Spring Harbor 
.Laboratory, Cold Spring Harbor, New York (1982). The 
cDNA is tailed and cloned into an appropriate vector, 
25 usually~pBR322, by a technique similar to that of 
" Wensink^W alTrCel 1 3: 315-325 ( 1974) . 



The clonal genomic DNA or cDNA libraries are 
screened to identify the clones containing aFGF 
sequences by hybridization with an oligonucleotide 

30 probe. The sequence of the oligonucleotide 

~ r hybrid! zaTion' probe is based on the determined amino 
.^z._ . 3C-id -sequence— of -aFGF .- Maniatis et a_l. supra, 

■ — 

Anderson-and Kingston, Proc— Natl. Acad .—Sci .-USA 
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80:6836-6842 (1983) and Suggs et ajU. Proc. Natl. 
Acad. Sci. USA 78:6613-6617 (1981) describe various 
procedures for screening genomic and cDNA clones. 

The- prefer red procedure for obtaining a 



5 gene for "mammalian aFGF is to synthesire the gene. 
The gene may be synthesized based on the amino 
acid sequence of a microheterogeneous form of aFGF 
obtained from any mammal including man. The 
preferred method is to use the bovine amino acid 

10 sequence for aFGF and chemically point mutate the 

base seg^jence_to produce_ the genes for other 

species. The amino acid sequences for bovine and 
human aFGFare disclosed in U.S. Patent Application 
Serial No. 868,473 filed May 30. 1986 which is a 

15 continuation-in-part of_.U.S. Patent Application 

Serial No. 774,359 filed September 12, 1985 which is 
a continuation-in-part of U.S. Patent Application 

Serial..No._ 685,923. filed December 24, 1984 (now 



"~rr~r~ aba ndoned ) "V ■• — 

20- The synthetic genes -ere based on the 

determined bovine amino acid sequence subsequently 
described by Gimenez-Gallego et al. . Science 230: 
1385-1388 (1985) and the human amino acid sequence as 
described by Gimenez-Gallego et aL Biochem. Biophys. 

-i <M • -■ ' - - . ■ 



^S^Res^onuifi. "138^611-617 (1986) . The unique 
——nucleotide -sequence of the 140 amino acid form of 
bovine aFGF is derived from reverse translation of 
the amino acid sequence by a technique similar to_ 

that of_ Itakura et al . , Science_ 19.8 : 1056 _- 10 _ 63 . 

— 30~( 1977) The various novel nucleotide sequences 

or.res.po.Dding_.to_ the. native amino acid sequence of 
bovine-aFGF-are— shown, in the_fol lowing stable: 



i 2 o s 

880724G4 



0259953 



403SP/1WA 



- 8 - 



174S8IA 



I ABIE I 



. u 20 

" -" TTP TTP AGQ 

TTP TTP _. 



— 40 

,* it, ™ m m a- c« «• « « "» «l «"«"«■"• co "°' w W 

V ~ AGP AGQ 

TTP AGP ATA TTP 



. ~ - ~ ^ ^ 

I xuiriTc, -"o. L n. or, «. « i* n. ^ - - - 

CAQ aTQ CAP CTH CAP CTM TGQ GCH GAP TO. ATQ GOH GAP GTH TAQ ATQ AAP TCH 
AT A TTP ... TTP *G0 ATA &U 



,_-^__,... 6 . 5 ^ 




* — 



70 75 
~Thr G1, Glo Fh« L« AU «et Asp Thr A»p b.y jrM fr y iAO - 

" «. «. w ™c a ■«•*•«■ «° - ™ «" ,A ° " ,c " " " - 

TTp TTP TTP AGO 
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-• toe 

C\n C1« Cys U«* H* U« C1« Arg Uo G1« 61 0 As* His Tyr Aw Thrjj^ ^ Jlf 
CAP GAP TGQ OH TTQ OH CAP CGN CTH CAP GAP AAQ CAQ TAQ AAQ ACM TAQ ATQ TOI AAP 

..j r — TTP TTP AGP TTP - .ATA ACQ 

, 105 110 "* " 120 

lys H*s AU Glu lys. His Trp Ph« V«1 61 y le* lys Lys As* 61 y Ar* S*r Lys le* fly 
AAP CAQ 6CW GAP AAP CAQ TG6 TTQ 6TH CGN CTM AAP AAP AAQ GGN CGN TCK AAP CTM GGN 

TTP AGP ACQ TTP 




• • • 



- 130 



135 



140 



Pro Aro Thr His Phe Gly Gin Lys Ala He Leu Phe Leu Pro Leu Pro V*1 Ser Ser Asp 
CCW CG« AC* CAQ TTQ GGN CAP AAP GCN ATQ CTN TTQ CTN CCN CTN CCN GTM TCM TCM GAQ 
AGP ATA TTP TTP TTP AGQ AGQ 

Where Q s C or T, 



N = A. T, C. Or G 
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The nucleotide sequence of the present 
invention incorporates the following characteristics; 
codons .preferred by Escherichia coii and mammalian 
c^ils^nerV possible, elimination of sequences with • -- 
multiple complementarities, incorporation of unique 
restriction sites throughout the gene, terminal 
restriction enryme sticky ends for ease of inserting 
the gene into plasmids, a centrally located unique 
restriction site to allow assembly of the gene in two 
halves, preferably an H- terminal methionine codon, for 
"a translational start site, and tandem translations!- 

~~^s top - codons . 

While "the following description and examples 

illustrate the present invention with respect to a 
15~ "particular" nucleotide sequence for bovine aFGF. it is 

to be understood that the present invention could _ 

include any of the permutations listed in Table I. 
The following 'table contains' the preferred nucleotide 

sequence : 
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TTCAATCTGCCACTGGGT MTTACAAAAACOCAAAfiCTTCTrTACTGCTCT AACG6TG6T 60 



f * 

1 



TACTTTCTCCGCATCCT6CCAMTG5TACC6TGGACGGCACCAAASATQTTC1 GATCAA 120 



— •— -•— 



CATATTCAACTGCAGCT6TGCSXG^TCTATCGpTGAA6TTTACATCAAATCTACCGAA 



180 



ACTG6TCAATTCCTTGCCATG6ACACTGATGGCCTGCTGTACGGATCCCAGACCCCAAAC 240 



GAGGAGTGCCTTTTCCTGG^GCGCCTGGAGGAAAACCATTACAACACCTACATCTCTAAA 300 



AAGCATGCTGATjAAACATTGGTTCGTAGGCCTTAAWAAAATGGCCGCTCTAAACTGGGC 360 



CCTCGTACTCACTTTGGTCAAAAAGCTATCCTGTTCCTGCCACTGCCAGTGAGCTCTGAC 420 
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The gene is constructed with a leader portion 
containing a single restriction enzyme cleavage site 
-^Hand-an-H-te'taiaal methionine codon Cor a translaticnal 
start site. The gene also contains a tail containing 
5 tandem translational stop codons and two restriction 
enryroe cleavage sites. The complementary character- 
istic of DMA allows a choice of base sequences which 
in turn allows for the incorporation of unique " 
restriction enryne cleavage sites throughout the 

„10llgene.^The -preferred, gene. base sequence with the 

location jo f^the, restriction enzyme cleavage sites is 
shown in the following table: 



— - 
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The gene sequence for each strand o£ the 
double-stranded molecule is randomly divided into 8 
nucleotide sequences. The oligonucleotides ate 
-coastr«cted=J5it.h-overlappin9 ends to alio* the 
formation of the double-stranded DNA. The following 
table contains one of a multitude of oligonucieotide 
arrangements that is used to produce the bovine aFGF 



gene 



10 



j ■ — ■ " " ■ I ' w Lierj j "u. 1 ." ' .i... 



. -■ . . . . 



15 




jj. . . MI A . 



20 




30 
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OU«M 10" 20 30 «0 SO » 

$• AATTCAT6TT CAATCTGCCA CTGGGTAATT ACAAAAAGCC AAAGCTTCTt TACT6CTC 3« 



0UGO-2 10 20 30 I *0 «S 

- S« ASAA6CTTTS CCTTTTT6TA ATTACCCA6T G6CA&ATTGA ACAT& V . 

OLI66-3 ^-J0--^^?° ^ 30... .. <« 80 " *° ... 

. V.,TAAC66 T GCT UCTTTaCC GCATCCTGCC AGATGGTACC GTGGAC6GCA CCAAAGATCG 3' 

" — " I 

0UGO-4 -10 - 20 30 j - ' * 50 59 

5- TGCCGTCCAC GGTACCATCT GGCAGGATGC GGAGAAAGTA ACCACCGTTA GAGCAGTAA 3' 

OLIGO-5 - 10 20 30 40 46 

5- TTCTGATCAA CATATTCAAC TGCAGCTGTG C6CCGAATCT ATCGGT 3' 



0L1G0-6 10 . 20 30 <0 SO 60 65 

CCGATAGATT CGGCGCACAG CTGCAGTTGA ATATGTTGAT CAGAACGATC TTTGG 3" 



5« GTAAACTTCA 



Af\ 50 60 67 

20 30 4 0 



OUGO-7 10 

5 . GAAGTTTACA TCAAATCTAC CGAAACTGGT CAATTCCTTG CCATGGACAC TGATGGCCTG CTGTACG 3 



- |> . . - . _ . 174S3IA 



OLieO-8 10 20 30 40 50 60 62 

5 1 ^GATCCCTAC A JK^g XCATC A5T6TCCATS SCAAGSAATT GMXAGITTC GGTAGATTTG AT 3 



OUGO-9 10 20 30 40 50 52 

5- GATCCCAGAC CCCAAACGAG GA6TGCCTTT TCCTGGAGCG CCTGGAGGAA AA 3' 

CUOMO — 10 • 20 — - 30 " —41 50 - — SB 

5. GTTSTAATGG TTTTCCTCCA GGCSCTCCAG GWWAGSCAC TCCTC6TTT6 CGCTCTOi V 
OUCO-ll J 10 20 30 4 0 ^ 48 — 

5« CCATTACAAC ACCTACATCT CTAAAAAGCA TSCTWGAAA CATT6GTT 3' 



OLIGC-12 10 20 30 40 46 

5 • GGCCTACGAA CCAAT6TTTC TCAGCATGCT TTTTAGAGAT GTAGGT 3' 

OUGO-13 10 20 30 40 50 53 

5* C6TAGGCCTT AAGAAAAATG GCCGCTCTAA ACTGGGCCCT CGTACTCACT TTG 3' 



OLIGO-14 10 20 39 40 . SO 55 

5' GCTTTTTGAC CAAAGTGAGT ACGaGGGCCC AGTTTA&AGC GGCCATTTTT CTTAA 3' 

OLIGO-15 -10 - . 20 30 - . 40 . 50 *6 

5' GTCAAAAAGC WCCTGTTC CTGCCACTGC CAGTGAGCTC TGACTAATAG ATATCG 3* 



OUGO-16 10 20 30 40 50 

5* TCGACGATAT CTATTAGTCA GAGCTCAC1G GC4G1GGCAG GAAUGGATA 3' 
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The oligonucleotides illustrated in Table IV are 
presented merely as an example of oligonucleotide 
subunits and should not be construed as limiting 
thereto. ziThe composite base sequence showing the - 
"overlap 'and" arrangement of the oligonucleotides is 
illustrated in Table III. 

The bovine gene is assembled in 2 steps: 
first, the half corresponding to the H-terminal I 
"portion of the protein; and second, the C-terminal 
half. Generally, the oligonucleotides are kinased 

„with.T4^polynucleotide kinase in the presence of 

!V either^ATP_ 1 pr.i. 2 ?- labelled ATP. In the first 
reaction of each step the oligonucleotides which make 
up one strand of the gene are kinased with -the -j 
exception of the most 5' oligonucleotide. In the 
second reaction the oligonucleotides which make up 
the second strand are kinased, with the exception of 
the most 5' oligonucleotide. When kinased 
oligonucleotides are used, about 1- pmole of the 
32 P-labelled oligonucleotide is added for later 
identification of the products. Annealing is carried 
out in an appropriate buffer, such as one containing 
but not limited to about 60 mM TRIS. about pH 7.6, 
.about _5.mM dithiothereitol (DTT) , about 10 mM 
-RgClyr=and 'about" 3 0 uM ATP at -about 90°C f cr-^^:^™ 
about 4 minutes followed by a rapid transfer to about 
60°C and a slow cooling to about 30°C. Ligation is 
carried .out. in an appropriate buffer, such as one 

_cont a.ini.ng ,_but _no t _1 imi ted_to , _about 6 0_ mM TRIS 

about pH 7.6~about" 10 mM DTT , about 10 mM MgCl 2 , 
^^^l^M-AW-^and-^bout 0 . 03 units T4 .pWA_ligase at_ 



- about 20°C -for about- 1-and 1/2 hour. 




4038P/1197A - 19 - 17458IA 



The Heated oligonucleotides are purified oy 
poiyacrylamide electrophoresis following ethanol 
precipitation. The oligonucleotides are iedissolved 
in a buffer containing about 20 ul of about 80% 
5 " formamide, about 50 mM TRIS-borate, about pH 8.3, 
about 1 mM ethylenediaminetetraacetic acid (EDTA) . 
about 0.1V <w/v) xylene cyanol, and about 0.1\ (w/v) 
bromophenol blue. Each sample is heated at about 
."- ~90*C for about~3 minutes and elect rophoresed in about 
10 a lOVurea-polyacrylamide gel at about 75 watts for 

about 5 hours. —The 231 base N-terminal bands are—— 

removed, combined and eluted at about 4»C in about 
0.5 M ammonium acetate containing about ImM EDTA at^ 
about pH'8. The 209 base C-terminal bands are 
15 treated in the same manner. 

The synthetic gene sequences coding for 
either the N-terminal or the C-terminal portions of 
the aFGF are incorporated into the pBR322 plasmid. 
It is especially desired and "intended that there "be— 
20 included within the scope of this invention, the use 

of other plasmids into which the aFGF gene can be" 
' ' incorporated and which will allow the expression of 
the aFGF. gene. Reannealed oligonucleotides, about 
-----^OO-froo-le-and -about 100 fmole of the recovered 231 



: 25 base pair N-terminus are each ligated to about 100 

fmole of agarose gel purified about 3.9 kilo base 
(kb) EcoRI-BamHI pBR322 for the N-terminus. The 209 
bp C-terminus is constructed in the same manner using 
": : :-i-f=rrr~- BamHI-Sall pBR322. Ligation- is- carried out in a ----- 
■"" ' 30 buffer containing about 25 mM TRIS, about pH 7.8, 

a * bouT" i~mMT)TT^~Tbo ut "1*0" 'mM Mgci 2 .' about 0 . 4 mM 

ATP, with about 1. unit of T4 DNA ligase for about 1 ' 
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hour at about 20-C. Each half-gene ligeted sector is 
used to transform competent bacterial cells, such as 
E. coli RRl (Bethesda Research Laboratories, »*L) 
ZTZfoiiowlngTsuppliers procedures. The transformed 
5 " cells are selected for growth in ampicillin and 

screened for the presence of either the 231 base pair 
(bp) EcoRI-BamHl insert or the 209 bp BamHI-SaiX - 
-. --- insert by restriction analysis of mini-.lysete plasmid 
preparations. 

10 The DMA sequence of clones containing the 

— _.„. f( _ t Iat - e -- sired -ihs-erts -is determined using- Kexam 

— and Gilbert; Proc. Natl. Acad. Sci. USA 74: 560-564 
(1977) chemical DMA sequence techniques. " 
~~~ The final full-length aFGF synthetic gene 

15 ~ was cloned by cleaving the N-terminal half clone with 
restriction enzymes BamHI and Sail, treating with 
alkaline phosphatase and ligating this to the gel 
purified 209 bp BamHI-Sall insert of the C-terminal 
half clone." This 'ligated material was used to : ~ - 
20 transform competent RRl cells as before. 

Expression of the synthetic aFGF gene is 
accomplished by a number of different promoter- 
expression" systems . It is desired and intended that 
t ZZ t he te; tperi n'c luded within the- scope of ^ this ^W&t^gj^ 
25" : "the"use = "of other "promoter-expression systems for the 
expression of the intact aFGF gene. The preferred 
construct uses the E. coli tac promoter, a hybrid 

between regions of the trp promoter and the lac 

" i> r omot e r~ a s— d e s c r i be d by " de Boe r- et - a_l. , -Proc. -Nat 



30 Acad. Sci. USAJ0:_2l-25 (1983). Plasmid pKK 223-3 
"^(Wrmtcttrw'hich'contains the tac-protwter-^-rrn-B- 
rRNA transcription, terminator ,was jdjf ied^o ^move 



88072101 

127 1 



■to it 



J| HN U - I Hi . y 



0259953 



403BP/1197A - 21 - 



17458IA 



10 



20 



Lhe pBR322-derivcd Sail restriction enzyme site. The 
rrnB rRNA terminator has been shown to allow 
expression by strong promoters, Gentz et «!• • Proc. 
Hatl. Acad.: Sci.. USA 78:, 4936-4940 (1981); Brosius, 

Gene 27: 161-172 (1984). 

The pKK223-3 plasmid DNA is cleaved with 
restriction enzymes to produce a 2.7 Kb DNA fragment 
to generate clone pKK 2.7. Tne synthetic aFGF gene 
is cleaved from its pBR322 vector and transferred to - 
the pKK 2.7 plasmid after restricting pKK 2.7 with 
EcoRL = and_ = Sall. The resulting recombinant, shown in 
- figure 1, is- transformed into E. coli JM105 
(Pharmacia) or DH5 (BRL) cells) and expressed. 

— Site specific mutagenesis is an efficient 

15 - way to convert the amino acid sequence of one 

mammalian species of aFGF to the aFGF amino acid 
sequence of another species. The following 

description relates to the site specific mutagenic 

-— — conveTsTbn -"of "bovine aFGF, 140 amino -acid form. to., 
human aFGF , it is to be understood, however, that the 
process can be used to convert any mammalian species 
aFGF to '-hat of any other species. The only 
limitation on the conversion is that the amino acid 
sequences of both aFGFs must be known. The following 



2^ta1iTe~Trs~ts _r "tfie" amino acids which must be substituted 
and the location on the bovine aFGF amino acid map, 
Table III, at which the substitutions are made: 
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T 



IS 



Amino Acid 

Location- .- 



5 

21 
35 

47 

51 

.64. 
106 

116 

117 - 
119 
125 _ 



TABLE V 

Substituted Aaino Acids 
Human a PGP for Bovine aPGP 





Pro 
His 
Arg 



* ■ 



Val 

Tyr 
Asn 



Arg 
Tyr 



Leu 
Tyr 
Lys 
Cys 
lie 
Phe 
His 
Arg 
-Ser 
Leu 
Phe 
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As with the bovine gene sequence eight 
oligonucleotides representing the human gene sequence 
are constructed by the same procedure as that used 
for the-bovine oligonucleotides. - The following table 
contains one of a multitude of oligonucleotide 
arrangements that is used to produce the human aFGF 
. gene . - „ . . 
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TABLE VI 





-1 

~ i 5 • r CTGCCACCGGGTAATTAC 3 V 
OLIGO-2 

5' CGGTCGTCACTTTCTCCG 3* 
OLIGO-3 - 




10 5 * CGGCACCAGAGATCGTTC 3 * 



OLICO-4 . - 

5' GCAGCTGTCCGCCGAATCTGTCGGTGAAG 3 





15 OLIGO-5 

5 ' CTGGTCAATACCTTGCCATGG 3* 

OLIGO-6 

. 5-*- - GCTGAGAAAAATTGGTTCG 3-' 




20 




OLIGO-7 - 

5' GGCCGCGTTTACAGCTCCCATTTTTCTTAAGG 3' 
OLIGO-8 ■ . ' - - 



^=f5^5^ eGTACTGACTATGGCCAAAAAGCTATCC 3 • 
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The cloned, synthetic bovina g«n« for aFGF is 
converted to" a human synthetic gene for aFGF by a 
series of directed point mutations. Oligonucleotide- 
-directed mutagenesis of the cloned gene allows the 
5 - alteration of the base sequence of bovine aFGF so 
that the resulting amino acid sequence contains the 
svbstituted amino acids shown in Table V and is human 
aFGF. A deletion ii made in the bovine, gene to remove 
- the amino 7 terminal phenylalanine for the production of 
10 the human 139 amino acid roicroheterogeneous form of 
-.'.IL .aFGF. A point mutation' is carried out to replace~the •- 
second position asparagine with aspartic acid. 
Alternatively, the asparagine is deamidated te 

aspartic'acid. "The Imethods for carrying out these 

15 procedures are described below or are known in the 
art. The oligonucleotide-directed mutagenesis is 
carried out using standard procedures known to the 
art, Zoller and Smith. Methods in Enzymology. 100: 
468-500 (1983); Norris et al^. Nucleic Acids Research, 
20 11: 5103-5112 (1983); and Zoller and Smith, DNA, 

3: 479-488 (1984). The point mutations carried out 

by the standardized oligonucleotide-directed muta- 
genesis are shown in the following, Table VII. The 
~~^io7cation;.of the base mutagenesis can be seen in Table 
1^1X1 f" ^'hT l po'inF"mutations~a re presented roerely-as -an 
example of changes which will result in the human 
aFGF gene and should not- be construed as limiting 
thereto . 
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TABLE VII 

Base Substituted Base 

—Location Human aFGF for Bovine aFGF 

T 



10 



15 



20 



22 
69 
112. 
148 
159 
199 
324. 
354 
358 
364 
365 
382 



C 
C 
G 
C 
G 
A 
A 
A 
G 
G 
C 
A 



T 
A 

G 
A 
T 
C 
C 

c 

T 
G 
T 




30 _ 



The expression clones are grown at about 37»C 

inan appropriate growth medium, which consists of 
about 1\ tryptone, about 0.5\ yeast extract, about 
0.5\ NaCl, about 0.4* glucose and about 50 ug/ml 
ampicillin. When the optical density at 550 nra 
reaches about 0.5, isopropyl-B-D-thiogalactopyranoside 
(IPTG) may bemadded to give a final~concentration of 

and" growth" is- continued at about 37*C for ^ 
about 3 hours. The cells from 1 liter of culture 
medium are harvested by centr i f ugat ion and resuspended 
in a disruption buffer containing about 10 roM sodium 
p.hosp.hate,_at„„about pH_7.2. about 5 roM EDTA. about^ _ mji 
10.6 ug/ml N-p-toluenesulf ony 1-L-pheny la lanine 
chlorornethyl ketone-(TPCK) , about 34.3 ug/ml 
pepstatin A, about 87 pg/ml phenylmethylsulf onyl 
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fluoride (FKSF), about 15 ug/«l bovi*« pancreatic 
trypsin inhibitor (BPTI). and about 25.2 ug/»l 
ieupeptin. The cells are either immediately 
disrupted or froxen and stored at -70-C and disrupted 
immediately after thawing by about three »•"■*•»""•■ 
through a French pressure cell at about 12.00U psi at 
. about -4*C The supernatant fluid is collected by 

centrif ugation. .. 

The recombinant aFCF is purified to ■ . _ 

homogeneity by a unique "two-step chromatographic^ - - 
procedure: employing a combination of heparin-- 
Sepharose affinity-chromatography followed by - -_ 
reversed-phase high performance liquid chromatography 
" (HPLC).' The crude r-aFGF is" loaded onto a ~ 
Sepharose column in a dilute buffer such as about 
n* phosphate or Tris, about P H 6 to 8, which xs 
subsequently washed with a low concentration of salt 
such as about 0.8 M NaCl. until the absorbance at 280 
-nm.dropr.to3 ^ background . ~ The r-aFGF is 

with a buffered high salt concentration solution such 

as about 10 mM sodium phosphate or Tri*. about P H 

to 8. containing about 1.5 M H.C1. The eluate is 
then purified by reversed-phase HPLC on a '•«» •- 

— - - ■ — , , -ij^uofl alkvl silane chains 
consisting of_.cpvaiently linked alKyi s 

^wTth^i^upr-havrng-from^ to 18 carbon -atoms 
preferably 4 carbon atoms. The r-aFGF is directly 
applied to the HPLC column equilibrated in 
acid such as about 10 mM trif luoroacetic acid, acetic 
_acid-or-pho.sphoric_acid,and.eluted .with., linear . 

, „ f <-, lf -h as acetonitrile or 
I gradient of-organic solvent such as ac 

^ ._- . . , ^ a crF was previously 

- tTnthoTf^- BPVfrre" bra irr-de ri ved aFGF.was._Pt.-___™.---. 



etnanoi. "~ — . M ,-i aa 

j . k . hpoarin-Sepharose by Maciag 
described to bind to both heparin 
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. et al^. Science 225: 932-935 (1984) »nd to 

reversed-phase HPLC columns by Thomas et alj. Proc. 

Natl. Acad- Sci. USA 81: 357-361 (1984) as part of 
^ — raultistep purif ication protocols. Based, in part, on 
5 - the relatively high abundance of r-aFGF in bacterial 
lysates. these two steps alone are herein demonstrated 

to.be sufficient to obtain homogeneously pure r-aFGF 

' of about 16,000 daltons as established by electro- 
- :: - phoresis in polyacrylamide gels. These -two steps 
XO alone do not yield pure aFGF from brain. 

Mitogenic activity of the purified aFGF is 



3 

_deterrained_ by the incorporation of H-thymidine 



. .| into DNA by cell line fibroblasts, preferably BALB/c 
f 3T3 A31 (American Type Culture Collection). The 
15 recombinant aFGF shows a peak response at about 1 ng 
protein or less per ml in the fibroblast stimulative 
assay. 

Another embodiment of this invention is a 

~r r >:niethod;"of rptomoting the healing of wounds by. _~ 

20 application of the novel peptide, either with or - 

without heparin, preferably with heparin, about 1 to 

about 500 ug/cm 2 of this invention to the wound 
area either topically or subcutaneously in the wound 
~~ in a h~amount of about 0.1 to 100 ug/cm of 
"25"surf a cW^fbr "topical "alSplicatibnr" — - - - — ~~== 

For application, various pharmaceutical 
formulations are useful such as ointments, pastes, 
solutions, gels, solid water soluble polymers such as 
1 bum ins.,, gelatins, hydroxypropyl cellulose, _ 
30 - pluronics, tetronics or alginates in which the active 
^^-^.ngrcdi-ent^is^incorpoi-ated- in-amounts of about a to-.-. 



about 100 ug /ml - 
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The ability of sFGP to stimulate division in 
various cell types including fibroblasts, vascular 
and corneal endothelial cells and the Hk« laakes 
these^pept idea useful as pharmaceutical agents. 
These compounds can be used to treat wounds of 
mammals including humans by the administration of the 
. novel -r-aFGF. to patients in need of such treatment. 

- The following examples illustrate the present 
invenTicm without, however, limiting the same thereto. 
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EXAMPLE 1 



— Oligonucleotide Synthesis 



15 



Oligonucleotides were synthesized according 
to the" technique described by Matteucci and 
Caruthers, J. Am. Chero. Soc. 103: 3185-3191 (1981);. 
Beaucage and Caruthers, Tetrahedron Letters 22: 
1859-1862 (1981). The base sequences of the 
synthesized oligonucleotides are shown in Table IV. 
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" " EXAMPLE 2 

' :.— — '" Assembly of the aFGF Gene ~ • - 

" The oligonucleotides from Example 1 were 

assembled as two separate units, the N-terminal half 
-(231 : bp) and the C-terminal ..half < 209 bp) . . The two 




25 




30 




ha IveTwerelT h'Sri* combined fbV-Vhe~ intact synthetic^ 
gene, see Table III. Initially the oligonucleotides 
were kinased in the following reaction mixture: 70 
mM Tris pH 7.6, 5 mM DTT, 10 mM MgCl 2 , 33 uM ATP, 
-0.3 units- T4-polynucleotide Kinase . per^uj ,_.and ^2.5^ 
pmole oligonucleotide per ul. The mixture was 
nc u ba t ga n~ 5=h o u r s-a-tF 3 7 ° C and. then an-_ ; addi.tion.al._. 



hour after supplementing the mixture with 0.2 
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units/pl Kinase and ATP to give a concentration c£ 
100 mM. For radioactive labelling, the initial 

32 

mixture contained 37 nCi/yl of [y~ Pl-ATP. 
• - - /. -.- The annealing and ligations were done in two 
5 separate reactions. In each reaction, 100 pinole of 
each of the eight oligonucleotides were added. In 
one reaction the oligonucleotides which make up one 
strand of the C-terrainal or N-terminel .half gene were 
~~ kinased with the exception of the most 5* oligo- — 
10 — nucleotide. In the second reaction the oligo- 
nucleotides which make up the opposite strand were 
kinased, again with the exception of the most 5* 
oligonucleotide. Thujs, in each reaction 3 oligo- 
nucleotides were kinased and 5 were not. When 

15 kinased oligonucleotides were used, 1 proole of the 

32 

P-labelled oligonucleotide was also added for 
later identification of the products. Each reaction 

contained 200 \xl with 70 mM Tris pH 7.6, 5 raM DTT, 

- r ™10 mM MgC! 2 ,~and 30 pMrATP. The oligonucleotides . 

20. were annealed by heating to 90°C for 4 minutes, then 
.immediately transferring the reaction to 60°C and 
allowing it to cool slowly to 30°C. Ligation was 

„ done in 400 \il containing 60 mM Tris pH 7.6, 10 mM 

DTT,- 10 mM-MgCl 2 , 1 mM ATP, and 0.03 units T4 DNA _ 

2 5^1igase^per-4i 1 -by incubating at 20*C for 1.5 hours. 

Polyacrylamide gel electrophoresis was used - - 
to purify the ligated oligonucleotides. The ligated 
oligonucleotides were precipitated with ethanol, 

- • - 

redissolved in 20 pi of 80\ formamide, 50 mM ^ _ 

30 TRIS-borate pH 8.3, 1 mM EDTA, 0.1% (w/v) xylene 

cyanol ,._ and,.0 . l%_(w/v) bromophenol blue Each- sample - — — 

was heated at 90°C for 3 minutes and elect rophoresed 
4-n--a— lG\~-ur-ea-pol-yacry 1 amide gel at 75 watts for 5 
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hours. The oligonucleotide bands were visualized by 
exposing the gel to X-ray film. 

_- _ The 231 base hands of each reaction for the 
N-termi mis were cut out of the gel, combined, and 
eluted at 4»C in 1 ml of 0.5 M ammonium acatate, 1 mM 
EDTA pH 8. The eluted DNA was precipitated with 
ethanol and redissolved in 30 yl of 70 mM Tris pH 
7.6,-5 mM DTT, and" 10 mM HgClj. The 209 base bands 
-of- the C-terminus were eluted in the same manner. 

The gel purified oligonucleotides were 
annealed prior to transformation by heating to 90'C 
for 4 minutes and slow cooling to 20*C. Assuming a 
-5V recovery from the initial starting oligonucleo- 
tides, 300 fmole and 100 fmole of recovered annealed 
231 bp oligonucleotides were each ligated to 100 
fmole of agarose gel purified 3.9 Kb EcoRI-BamHI 
_pBR322 fragment DNA in 20 pi of 25 mM Tris pH 7.8. 
-1-mM-DTT, .10 mM MgClj. 0.4 mM ATP, with 1 unit T4 
I.DNA- ligasefor 1 hour at 20-C. The .annealed 209 bp 
oligonucleotides were ligated to agarose purified 3.9 
kb BamHI-Sall pBR322 fragment DNA under the same 
conditions as the 231 base pair fragments. The 
ligation reactions were diluted 1:5 in H 2 0 and 
Hh"u-l-of^ilution was use-; -to-transf orro. 20^1,0^^.^ 
competent E. coli RR1 cells (BRL) as described by the 
supplier. The transf ormants were selected for growth 
in ampicillin and screened for the presence of the 
"231 bp EcoRI-BamHI or the 209 bp BamHI-Sall insert by 
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restriction analysis" of mini-lysate plasmid 
preparati o ns^-..— 



The DNA sequence of clones containing the 
appropriate sized inserts was determined using the 
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chemical DMA "sequence techniques of Max am and 

Gilbert, Proc. Hatl. Acad. Sci. USA 74: 560-S64 

(1977). Since none of the 231 bp clones had the 

correct sequence, a clone containing the correct 

sequence was prepared as follows. . One clone with the 

correct sequence between the Kpnl and BamHI sites was 

cleaved with Kpnl and with Sail, which cleaves in the 

PBR322 vector . - The 400 bp band was gel purified and 

.ligated to the. 3.8 kb KpnI-Sall band of a second 

clone containing. the correct sequence from the EcoRI 

site to the Kpnl site of the aFGF gene insert. After 

"transformation, a resulting clone was sequenced to 

'ensure the"desi red sequence had been obtained. 

Sinceaclone containing the correct 209 bp_ 

sequence was obtained, no further manipulation of 
these clones was required". The final" full-length 
aFGF synthetic gene was cloned by cleaving the 
N-terminal half clone with BamHI and Sail, treating 
with alkaline phosphatase, and ligating this to the 
■gel purified 209 bp BamHI-Sall insert of the - - 

C-terminal half clone. This ligated material was 
used to transform competent RR1 cells as before. 

EXAMPLE 3 



^ ^"'I^ Expression of the Synthetic Bovin e aFGF Gen^- 
- ------ The intact aFGF gene from Example 2 was 



incorporated into a modified pKK223-3 plasmid. The 
pKK223-3 plasmid (Pharmacia) contains the tac 
~ promoter which is a hybrid between regions of the trp 
_r - -J^. 3 0 '-rr p r c-mo t e r^ari d^t h e - 1 a c p r omo t'e r 7" d e Bo e r et • al r ,- P r oc. f— 

Natl Acad. Sci. USA 80: 21-25 (1983). This plasmid 




also "contains the rrnB rRNA transcription terminator; 
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a strong-terminator~sequence found to allow expression 
from strong promoters* Gentz ct al . , Proc. Natl* 
Acad. Sci. USA 78: 4936-4940 (1981); Brosius, Gene 
27: 161-172 (1984). The v ,pKX 223-3 plasmid was 
modified to remove the pBR322-derived Sail restriction 
enzyme site. This was accomplished by cleaving the 
PKK223-3 plasmid DNA with Ndel and Narl, and 
recircularizing the 2.7 kb DNA fragment to generate 
clone pKK2.7. The synthetic aFGF gene was then 
cleaved from its p8R322 vector and transferred to 
PKK2.7 after restricting this expression vector with 
EcoRI-and Sail. This construction positions the 
initiating methionine of the synthetic gene 11 bases = 
downstream of the Shine-Dalgarno ribosome binding - - . 
site. The resulting recombinant, shown in Figure 1, 
was transformed into E. coli JM105 cells and also 
into E. coli DH5 cells. 

The expression clones were grown at 37*C in 
LB. broth (1% tryptone, 0.5V yeast extract, 0.5\ NaCl) 
containing" 0 . 4\ glucose~"and 5C pg/ral ampicillin. 
When the optical density at 550 nra reached 0.5, IPTG 
was added to give 1 irM and growth was continued at 
37°C for 3 hours. The cells were harvested by 
centrifugation at 10,000 x g for 20 minutes and the 
-cells- from-*!- -liter* of-- culture were resuspended- in 20 







30— 



mi of iOmM sodium phosphate pH 7.2, (heparin- 
Sepharose buffer) 5 mM EDTA, 10N6 pg/ml TPCK, 34.3 
pg/ml pepstatin A, 87 pg/ml PMSF, lb ng/ml 
BPTI," and 34.3 pg/ml leupeptin. The resuspended 
cells "were quickly frozen in a*~dry~ice/ethanoi- bath"-"--- 
and stored overnight at -70°C. 



12 8 3 



880724C4 



. I hill 

111 'lanumiEJ 



u u id h . y Huh 



02 58993 



4036P/H97A ... - 33 - . 1745SXA 



EXAMPLE 4 

Extraction and Purification «f Recombinant aFCF 

The frozen cells from Example 3 were thawed. 

. an additional 87 . ug/rol PMSF was added, and the 

5 preparation was passed through a French pressure cell 
at 12.000 i-si three tiroes at 4»C. The resulting 
lysate was ce..t'<*v ? ed at 93.000 x g for 30 minutes 
to remove cell debris. iThe supernatant, was removed, 
adjusted to pH 7.2 with 1 M NaOH and loaded onto a 
10 1.6 x 10 cm" heparin-Sepharose (Pharmacia) column run 
at 4 # C with a flow rate of 20 ml per hour collecting 
... .2. ml fractions,. The pellet was resuspended in 5 ml 

Of 10 mM jsodium phosphate, 2 M NaCl. pH 7.2, 

~ ~ recentrifuged at 93.000 x g for 30 minutes and the - 

15 supernatant diluted with three volumes of 10 mM 

sodium phosphate. pH 7.2. readjusted to pH 7.2 with 
1 M NaOH. if necessary, and loaded onto the same 
-_~ heparin-Sepharose column. ...After loading, the column 
r was-warhed-wi-th-lC-mM sodium phosphate, 0.8 M NaCl,_ 



-20 pK 7.2 until the- absorbance at 280 nra fell to 

background.- Bound r-aFGF was eluted as a single peak 

with 10 mM sodium phosphate. 1.5 M NaCl, pH 7.2. 
The pooled fractions from the heparin-Sepharose ... 
._ - column were purified by reversed-phase HPLC using | a 

"-25 - 4.6 tmrx-25-cm C 4 column (Separations -Group) as— . 

described by Thomas et al . , Proc. Natl. Acad. Sci. 
USA 81: 357-361 (1984). The r-aFGF eluted as a 
single major peak that was resolved from multiple 
minor^contaminant peaks suggesting that the protein _ 
30 was homogeneously pure. Polyacrylamide gel electro- 

phox&sas-wa s u sedJto. conCirm. purity. The purified 

r-aFGF was e lect rophoresed following the technique of 
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O'Farrell. J. Biol. Chem. 250: 4007-4021 (1975). 
Silver staining revealed a single band with a 
molecular mass of 16,000 daltons. Identity of the 
-__protein_as-.aFGE.-was confirmed by both amino acid 
5 analysis and amino terminal sequence determination. 

EXAMPLE 5 

Biological Activity of Bovine Recom binant aFGF 
Biological activity of the purified r-aFGF 
10 "from Example 4 was evaluated using a fibroblast 
mitogenic assay as described by Thomas et al. . , J. 
Biol. Chem. 225: 5517-5520 (1980). BALB/c 3T3 A31 
fibroblasts (American Type Culture Collection) were 
~ plated at 2 x 10 4 cells per 35 mm diameter well in 
15 culture media containing 10* heat-inactivated calf 
serum and incubated in 7\ C0 2 (pH 7.35 ± 0.05). 
The cells became fully quiescent by replacing the 
media with 0.5V heat-inactivated calf serum 6 and 
-.-.--again--24 hours -later.- At 55 hours. after plating. 

20 50 ug-of - heparin, test- samples -and -1 . 1-ug of 

dexamethasone were added, at 70 hours each well was 
supplemented with 2 uCi of [methyl- H]-thyraidine 
(20 Ci/mmole. New England Nuclear) and 3 ug of 
-unlabeled thymidine (Sigma), and at 95 hours the _ 
, 2 r 5— "cells -weTe=pTtocess-e_ for determination of radiolabel- 
incorporated into DNA. Each dose-response point was 
the average of triplicate determinations. The 
results are shown in the following table: 
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- - — ■ TABLE VIII - 

Nitogenic Responses of BALB/c 3T3 
Fibroblasts to Bovine r-aFGF 



1C 



Concentration 
r-aFGF (nq/rol 



0.003 
0.010 

0,031- 



CPM 



0.100 
0.316 
1.000 



r.- - * 



r-aFGF 



268 
498 
1550 
7031 
9319 
4718 



BrainaFGF 



231 
_ 329 
1017. 



3684 

11353 
; 9050 



15 



20 



The activity of the recombinant aFGF was 
equal to or slightly greater than that of brain 
derived.aFGF. The purified r-aFGF had a half-maximal 

.stimulation.. of, DNA synthesis at about 71 pg/ml.while^ 
purified. brai~ derived aFGF had a half-maximal value 
126 pg/ml. 
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EXAMPLE 6 

Mutagenesis of the Bovine aFGF Gene 
' t o" the. Human aFGF Gene " 



25 " to facilirate the mutagenesis of the bovine 

aFGF gene, the synthetic gene from Example 2 was 
transferred to M13mpl9, a single-stranded DNA 
bacteriophage vector. Standard mutagenesis procedures 



~~' r ^~we refused- as'Tepo r ted by Zol le'r " and" Smi thV "Methods in 

.30 ....Enz ymology ZioO: *™ 7™L<< 1«3 >. - ^ orris £t ■ 

Nucleic Acids Research, 11: 5103-5112; and Zoller and 
SavUh. DNA , 3 : 479-4 88. The bovine pKK-aFGF plasmid 
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was cleaved with EcoRI and Sail, see Table 111. and. 
the resulting 440 bp fragment was agarose gel 
purified as in Example 2- Vector Ml3«pl9 RF DBA 
.(BRL) was cleaved with the same two endonucleases and 
the ends were subsequently dephosphorylated in 100 
ul of 10 mM Tris pH 8.0 buffer with 100 units of 
bacterial alkaline phosphatase. A ligation was 
performed 1 using 50 ng of the treated vector DKA and 
12 ng of the aFGF gene fragment DKA in 10 pi of 25 
mM Tris pH 7.8, 10 mM MgClj, 1 «M DTT, 0.4 «tt ATP. 
with 2 units of T4 DNA ligase for 16 hours at 4»C. - 

Tjrhe reaction mixture was diluted 1:5 in _H 2 0 and 1 

ul of dilution was used to transform 20 ul of 
"competent ,E." coli DH5 cells (BRL) as described by the 
_ supplier. The cells were plated with E. coli JM105 
(Pharmacia) host cells in 0.03\ X-gal and 0.3 mM 
IPTG; after incubation at 37*C colorless plaques were 
...isolated. _ One phage clone, containing the bovine aFGF 

__gene was selected. M13mplS-aFGF . — — _ 

Eight- oligonucleotides were designed to 

specify the human sequence and synthesized, see Table 
..VI. 

Oligmei 8 contains an additional mutation in 
which thymine at site 386 in the bovine gene is 

^^^--^ep^e^^^y^t/yt^o-s irre- in the human -gene-.- This - —■ 
mutation allows the incorporation of a restriction 
site without altering the human aFGF amino acid 
sequence. 

The human oligomers 1, 2. 3, 4, 6, and l J 

"~30^e"re^osphorylated;and 15 pmoles of each were 
.- •: -anne.aled--in-dxvJ.dual.ly-to.J) • 5. praole-of M13mpl9-aFGF. v ,.^ 
single-stranded phage DNA in 10 ul of 20 mM Tris pH 
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15 




7.5. 10 mM MgCl 2 . 50 n>M NaCl. 1 n* DTT for 10 
minutes at 65*C followed by 10 minutes at 23«C. 
Closed-circular double-stranded molecules were then 

preo-red^in 20-ul^f 20 mM Tris pH 7.5. 10 mM 

MgCl,. 25 mM SaCl. 5.5 mM DTT, 0.5 mM ATP. 0.25 mM 
dATP? 0.25 mM dCTP. 0.25 mM dCTP, 0.25 mM dGTP. 0.25 
mM dTTP, using 1 unit of T4 DNA ligase and 2 units of 
DKA polymerase I Klenow fragment by incubation at 
15-C for 17 hours. The preparations were each used 
to-transform competent-JM105 cel;ls and the resulting 
transformant- plaques were selected by hybridization 
vith the appropriate oligomer which had been radio- . 
labeled u _ sing" 32 P-ATP and polynucleotide kinase. ^ 
" The conditions "of hybridization were optimized for 
each probe to prevent formation of hybrids containing 
single base changes. Single-stranded DNA was isolated 
from the phage clone containing the human oligomer 
mutations and the above procedure was repeated using 

, the human- oligomer 5 to generate a clone containing 

- both -the oligomer 4 and- 5 mutations. 

in the following procedures the bovine-to- 
human., sequence mutations in these M13-based clones 
were combined into one. P BR322-based clone. RF DNAs 
were prepared from clones containing the base changes 

• v~ w.j..----- — ■ " 'c anrt'B The DNA 

a-^wi-fri-ed-by— human- oligomers 1. 2, t>, 8nu 
of'the humanTl "mutant clone was cleaved with EcoRI, 
the ends were dephosphorylated with bacterial 
alkaline phosphatase ;• and the DNA was cleaved with 
Hindlll. The "human 2 mutant DNA was cleaved with 



- T W^Hi7dVlirtreated with phosphatase, and then cleaved 
wij;h_BamiiI^_The^uman 6 mutant DNA was cleaved with 
BamHI, phosphatase . treated, and subsequently cleaved 
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15 



■3. vi^Jltv t «»■»-•-*• 



20 




with Apal. Likewise, the human 8 mutant DKA was 

cleaved with Apal, the ends were dephosphorylated. 
«nd the DNA was cleaved with Sail. These four DHA 
preparations were electrophoresed through 2% agarose . 

.And. the. fragments of 45 bp. 190. bp, 135 bp. and 70 bp 
from the mutant DNAs containing human 1, 2, C, and 8 
mutations, respectively, were eluted from the gel. 
Approximately 60 f moles of each fragment were 
collectively ligated to about 60 f moles of a 
gel-purified 3.7 kb EcoRI-Sall fragment from P BR322 
in 5 ul of 25 mM Tris pH 7.8. 10 mM MgCl ? # J. «M 

LdttJ.0.4 jmM„ATP,.with_ 1.5 units of T4 DNA ligase for_ 
16 hours at_12°C. The reaction roipcture was diluted 
1:5 in H_0 and 1 ul of dilution was used to 
transform 20 ul of competent E. coli DK5 cells 
(BRL) as described by the supplier. A clone 
containing the mutations specified by all four mutant 

...oligomers .was selected by hybridization with 

r radiolabeled- probes prepared from each of the . 

oligomers. The 140 bp KpnI-BamHI DNA fragment 
-isolated from cleaved RF DNA of the human 3 mutant 
M13 clone was ligated to endonuclease cleavage, 

products of this human 1-2-6-8 mutant DNA and 

transformed into DH5 competent cells to generate a 

r^rone-wl-Eh the human'1-2-3-6-8 mutations. BamHI-Pstl 








30 



digestion -fragments of this latter clone were ligated 
to the BamHI-Pstl digestion fragments of RF DNA from 
the human 4-5 _M13-bosed clone and the ligation mixture 

was used ansf orm DH5 jrompetent _cel Is - A c lone 

containing the human 1-2-3-4-5-6-8 mutations was 
_selec-^d_by_iU-i^o.mer hybridization and the aFGF gene 
-EcoRI-Sall DNA fragment of this recombinant plasmid 




12 8 9 
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was ligated to phosphatase-treated EcoRI-Sail-cleaved 
RF DNA of M13mpl8 (BRL). Competent DH5 cells were 

--transformed with this ligated DNA and the transformed 
.. " cells were, plated on JM105 host cells to generate an 
5 M13 clone. The single-stranded phage DNA of this 
clone was annealed with the human 7 oligomer and an 
m1l3 clone containing all the desired mutations was 
obtained following the procedure described above. RF 

DNA was prepared from this clone and cleaved with- 

10"EcoRl : and Sail.::- The resulting 440 bp band was gel 
____purified andJLigated to the 2.7 kb EcoRI-Sall DNA 

fragment "of" the P KK2.7 tac promoter expression vector 
This DNA was used to transform competent DH5 cells 
thus generating the human pKK-aFGF expression clone 
15 used for production of the human form of aFGF. 

The human r-aFGF was purified by the same 
procedure as that used for the bovine r-aFGF. see 
Example._4. ^- The. - human. r-aFGF was judged to be at _ 
least 99.75% pure based on the presence of a single 
20 intense band on a silver stained SDS electrophoretic_ 
. gel loaded with 400 ng of purified human r-aFGF and 
having a sensitivity of about 1 ng/band. The ... 
protocol is described in Example 4. 

Z-The« pure- recombinant human aFGF was-assa.yfid. 



3 



25 - for mitogenic activity using- H-thymidine 

incorporation into subconfluent BALB/c 3T3 cells as 
described for the bovine recombinant protein in 
Example 5. As previously observed with human 
""brain-derivid " aFGF assayed on vascular endothelial 

3Q eel 1 s . _tLhe_xecom^^^ shows a greater 

difference in the heparin (50 ug/ml) activation 
t . >rt . fi _G 0€S -_ei-ther-the-brain-derived or recombinant 
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bovine'aPGF, Giwenes-Gallego et al. Biochea. Biophya 
Ues. Comm. 135: 541-548(1986); the results of 
recombinant human aFGF on Balb/c 3T3 cells are mhanm 
in the following table: _ __ _ _ 
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TABLE IX 

Kitcgenic r Responses. of BALB/c 3T3 Fibroblasts to 
Human r-aFGF. 



-10 



Concentration 

r-aFGF 
(picograms/ml)* 

0 



CPM 



3.16 



15 



20 



10.0 
"-- 31.6 
100 
316 

. 1000 (1 ng) 

3160 

__,X0000 

„.. ^ . 

31600 
100000 
1000000 (1 ug) 



•picogram 



, „-12 „,, m€! 
10 grams 



heparin 
3574 
4156 . 
4216 
4092 
4155 
4274 
6060 
6811 
7910 
8597 
- 9700 
11166 
15864 



♦ heparin 

991 

1336 

1802 
2617 — 
4824 
10489 
14584 
10547 
12357 
9143 
r "-- 9057 
9277 
12425 



25 ""in" "the 'presence of heparin^the half-maximal - 

stimulation occurs at about 42 pg/ml. In the absence 
of heparin the peak has not clearly been reached even 
at the highest concentration but must be greater than 



about"30 ng/ml : 
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WHAT IS CLAIMED IS: 



1. Recombinant bovine acidic fibroblast 



growth factor 



2. Recombinant bovine acidic fibroblast 
growth factor having an amino acid sequence of: 



V- • « V 



■ - - ~f-£f> T* - 



-•-**_---. 
- ♦- » Vi-y* • ~*« 

■ ■. ...... ^ • ««#^ 



, 10 M 

H,*Asc.L.uProUuG1yW,*,Uy*P™iy*^t^ 



so 



30 40 
Pr*A*pG1 ,Th rV*1 AspGI , Thrty ^spArsS.rAspGI nMi * II «G1 nteuGI nLewCysAl rfl«Scrn eGl yd „ 



80 



. 60 70 

V*lTyrIl«L,sSerThr€luThr^ly61nPheL* U AUMetA*pThrA*pGlyt.uL«,TyHnyS.r61»ThrPrcAtn 



90 



100 



GluGluCysLeoPhaeuGluArgLeuGluGluAsnHisTyrAsnThrTyrlUSerLysLysMitAUGluLysHitTrp 



130 



,10 120 ■- " 

PheV.lG1,leuL,sLy*AsnGl,Ar 8 S e rt,sLeuG1,ProAr fl Thrt1isPhrt1yGlnLy»AUIUL«.PH.LeuPro 



IT -~ l~ . i k-. 



140 



LeoProVal SerS* rA*p 
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3. The recombinant bovine acidic 
fibroblast growth factor of Claim 2 wherein there is 
attached to the phenylalanine at the first position a 

r-methioni-ne.r^m-r-jm- ~ *" 



4. Microheterogeneous forms of recombinant 
bovine acidic fibroblast growth factor. 



~-5.~ -A~ nucleotide sequence coding for bovine 

ID i acidic fibroblast growth factor. 



6. A nucleotide sequence coding for the 



recombinant bovine acidic fibroblast growth factor C|f 

Claim 2. - - - - ■ - * - | 

15 

7. A nucleotide sequence coding for the 
recombinant bovine acidic fibroblast growth factor of 
Claim 3 . 



2 0 



-The nucleotide -sequence of Claim 6 

wherein the base sequence is any of the following 
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TTQ AAQ CTM CCM CTM GGM AAO TAQ AAP AAP CCM AAP CTM CtH TAQ TGQ KM AAQ 

- — — TTP TTP 



TTP . .* 7 TTP 



TAQ TTQ CTM CGN ATQ CTM CCM GAQ G» ACM GTM CAQ 
TTP AGP ATA TTP 

I 



GCM ACM AAP 6V) CO* TCM 6*0 CAP 

AGP ACQ 



CAO ATQ CAP CTM CAP CTM TGQ GCM CAP TCM ATQ GGM GAP CTM TAO ATQ AAP TCM ACM GAP 1M 



ATA TTf TTP 



AGQ ATA 



ATA - ACQ 



A» „G» .CAP JIQ ^_«^AJGJ*Q ^ 

(TTP TTP TTP 

"I 

GAP GAP TGQ CTM TTQ CTM GAP CGM CTH 
TTP TTP AGP TTP 



TAQ GGM TC* CAP AC* CCM AAQ 2* 



ACQ 



GAP GAP AAQ CAQ TAQ AAQ ACM TAQ ATQ TCM AAP 300 

ATA AGQ 



AAP CAQ GCM GAP AAP CAQ TGG TTQ 6TN GGM CTM AAP AAP AAQ GGM CGM TCM AAP CTM GSM 360 

AGP AGQ TTP 



TTP 



CCM CGN ACM CAQ TTQ GGM CAP AAP GCN ATQ CTM TTQ CTM CCM CTM CCM GTM TCM TCM GAQ; 420 

TTP TTP AGQ AGQ 



AGP 



ATA TTP 



where Q equals C or T, P equ 



all A or G. and M equal* A, T. C. or G. 



^ ~?h e nucleotide sequence of Claim 6 
wherein the code for phenylalanine is preceeded by a 
code for the methionine. 



.. ... . 10 ^""7ThV nucieotide sequence of Claim 9 

wherein the base sequence is: 
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1 20 40 60 80 

AATTC^TGTTCiU^CTKUCTGS^^ rCCSC 
GTACAAGTTA{*C&G7&ACCanAATGTTmC&G^^ 

10C 120 1*0 160 

ATCCT&CCa(>TWTACC6TG^CGGCACCAAAGATCGTTCTGaTCAACATaTTCAACTCCAGC16TGCCCC6^TCTAT 

TAGGA£GGTClACCATGGCACCTGCC6TG6TTTCTAGCAAGACTASnGTATMGnGAC6TC6ACA^ 

. . ...™150- — — - 200 • 220 - 240 

CGGTGAAGTTTACaTCAMTCTA^ 



GCCACTTCAAATGTAGTTTAGATGGCTTTC^CCAGnAAGG^ACGGTACCTGT&ACTACCG^ 

260 280 300 320 

CCCCAMCGAGGAGTGCCTTTTCCTGGAGCGCCTGGAGGAAMCCAnACAACACCTACATCTCTAMAAG^ 
GGGGTTTGCTCCTCACGGAAAAGGACCTCGCSGACCTCCTTTTGGTAATGTT6TGGATGTAGAGA 

_ 340 360 380 . 400 



aaacattggttcgtaggcctta^&aaju^tggccgctct 

tttgtaaccaagcatccggaattctttttaccggcgagatttgacccgggagcatgagtgaaaccagtttttcgatagga 

420 440 . . 

GT7CCTGCCACT&CCAGT&AGCTCTGACTAATAGATATCG 



-CAAG^&GTGACGGTCACTCGAGACTGATTATCTATAGCAGCT 



11. An expression plasmid comprising the 
nucleotide sequence of Claim 10 inserted therein. 



12." "The plasmid of Claim 11 wherein the 

structure is .shown in Figure I. 

— — .. - ■ — . - • • - — 
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13. The plasmid of Claim U wb«r«in tba 
plasmid is pBR322. 

-—14 - A host that -is compatible with and 



contains the plasmid of Claim 11. 

15. The host of Claim 14 wherein said host 

is E. coli. 



10 



16. The host of Claim 15 wherein said host 
is E: coli JM105 or E. coli DH5. 



17 V The plasmid of Claim 11 wherein said 
plasmid is capable of expressing the amino acid 
15 sequence of bovine acidic fibroblast growth factor. 

18. A protein produced by the host of Claim 
14 capable of stimulating DNA synthesis in responsive 

cells. ._- - — - - - --- 

--20 - - • -- 

19. A process for the production of bovine 

acidic fibroblast growth factor comprising the 
following steps: - 



:~^fZZ^Tl --^^a . 1 providing . a plasmid comprising^a^ 

nucleotide "sequence coding for 
bovine acidic fibroblast growth 
- • — - - factor, wherein the nucleotide 

sequence is capable of being 
— .-v — - xpressed ' b y " a host" containing "the 

.plasmid ; ...f ?.l. lowed bv : 
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b. incorporating the plasmid into th* 
- host; and - ----- 




e. - 



maintaining -the-host containing, 
the plasmid under conditions 
suitable for expression of the 
nucleotide sequence producing 
bovine acidic fi 
factor. 



10 



20. A process according to Claim 19 , 
a, wherein the nucleotide sequence is that of 
Claim 10. 

15 21. A process according to Claim 19, 

Step b, wherein the host is coli . . 



22. A wound healing pharmaceutical 
.composition comprising a pharmaceutical carrier and 
an effective wound healing amount of the recombinant 





~~ bovine acidic fibroblast growth factor of Claim 1. 

• 

23. - A wound healing pharmaceutical 
composition comprising a pharmaceutical carrier and 

2y— -w-ef*£«ct i-ve wound healing amount of the recombinant' 
bovine acidic fibroblast growth factor of Claim 2. 

24. A wound healing pharmaceutical 
composition comprising a pharmaceutical carrier and 

30~an"eVf ectivc wound healing amount of the recombinant' 
. b ovine aci dic fi broblast growth .factor of Claim 3. 
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25. A method of promoting wound healing 
which comprises the administration to a patient in- 
need of such treatment of an effective wound healing 

^amountk-of-*he.: recombinant bovine acidic fibroblast..^ 



5 growth., factor of . Claim 2 . 



26. A method of promoting wound healing 
which comprises the administration to a patient in 
~"~ need of" such' treatment of an effective wound healing 
10 amount of the recombinant bovine acidic fibroblast 
'—^ growth . f ac tor. o f . C 1 aim 3 . .... 



27. Recombinant human acidic fibroblast 
growth factor. 

15 

28. Recombinant human acidic fibroblast 
. ...growth factor; having an amino acid seguence of: 



20 



30 
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1 - 



20 



fWtnUu?r*ProS1yA S nT>rly*^^^ 



30 

proAipGlyThrVVUspGlyThrAr 



40 



50 



gAspArgSerAspd nHU II eGl nleuG 1 r>LeuS*rAl *G 1 u$«rV*l G. yGl u 



W 70 
Val TyrnetysS*rThr€l«ThrGl yd nTyrltuAl «MttAspThrA$pGl yLeuLeuTyrGl yS^HH nTbrProAs* 



90 



100 



Gl uGl uCysteuPHeLeuGl uArigLeuGI uGl uAsnHi $T)frAsnThrTy rll eSerlysLysHi iAl *G1 uly*AsnTrp 



130 



no - - 120 

Pt*V*1G1yl.uLyslysA,nG1yS«Ky^^ 






— -— 7. 140 ~ 

LeuProV*lSerS«rAsp . 



mm- *— 



29. The recombinant human acidic fibroblast 
growth factor of Claim 28 wherein there is attached 
to the phenylalanine. at the first position a 
methionine . .~ Y."_.r:: _ .: - ■• 

30 -The recombinant human acidic fibroblast 

growth factor'of Claim 28 wherein the phenylalanine 
at.-the_.f.irst posi ti on „is_ removed .and . the amino, acid _ 
at the second position-is either asparagine or 
asparatic acid . 

— — 3r ^'MTcT6h^trfogeneous forms of recombinant 

human ccidic fibroblast growth factor. 
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\ 20 « 

AATTUT6TTtA>TCTGCCACCGGCTAAnAC^^ 

_CJ aCMGTT AGACWT GfiCCCAT T ^TSUTnCGGmCUAS^TUCt^TTCCCACCACTUM4A«C6 



100 120 «• 160 

ATCCTKUGATSGTACCGTGGACGGOUXAG^ 

TA^G*^G6TCTACCATGGCACCTGCC6TG6TCTCTAGCAA&^TACTT6TATMGTT GAC6TC6ACAG6CGGCTTAGACA 



ISO " 200 220 240 

CGCT6aA6TTTACATCAMTCTACCGAMCTG6TCAATA.C^ 
KCAmCAMTJTACTTTAGATGGCm 

I 

260 2B0 300 | 

CCCCAAACWGGAGTGCCTTTTCCTG<*^ 

GGGGTTT&CTCCTCACGGAAAAGGACCTCGCGGACCTCCTTrrGGTAATGTT^^ 

340 360 380 400 

: AAAAATTGGTTCGTAGGCCTTAAGAAAMTGGCAGCTGTaAACGCGGCCCTCGTACTCAO 

LjTTTTTAACCAAGCATCCGGAATTCTTTTTACCGTCGACAT^ " 



420 — 440 

- GTTCCTGCCACTGCCAGTGAGCTCT&ACTAATAGATATCG 
CAAGGACGGTGACGGTCACTC&AGACT&ATTATCTATAGCAGCT. 



. _y -r: — » i ' • 



35. The nucleotide sequence of Claim 10 
wherein the base sequence is substituted by point 
mutations to give the base sequence of Claim 34. 
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32. A nucleotide sequence coding for buaan 
recombinant acidic fibroblast growth factor. 




;~A "nucleotide sequence coding for the 
5 human recombinant acidic fibroblast growth factor of 
Claim 29- 

34. The nucleotide sequence of Claim 33 
- wherein the base sequence is: 



10 



15 



- i 
- - — 




20 




2 5 



30 
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providing a plasroid comprising a 
nucleotide sequence coding for 
human aFGF, wherein the nucleotide 
sequence is capable of being 
expressed by a host containing the 
plasmid; followed by 



incorporating the plasmid into the 
host; and 



15 



maintaining the host containing 
the plasmid under conditions 
suitable for expression of the 
nucleotide sequence producing 
human aFGF, 



i _ * - ■ i- 




46. A process according to Claim 45, 
Step a, wherein the nucleotide sequence is that of 
Claim 34 . 





25 



30 



-«■'■"■ - 47. - A process according to Claim 45, step 
b, wherein the host is E. col i . 

_ 46. . A wound, healing pharmaceutical ... . 

composition comprising a pharmaceutical carrier and 
an^ef f ect-i ve^wound healing amount of the recombinant 
human acidic fibroblast growth factor of Claim 27. 

49. A wound healing pharmaceutical 
coiTiposi ticn comprising a pharmaceutical carrier and 
an effective wound healing amount of the recombinant 
human acidic _f i broblast growth factor of Claim 28. 



13 0 1 



8S0724C1 



0259953 



4038P/1197A - 52 - 17458IA 




36. An expression plasmid comprising the 
nucleotide sequence of Claim 34 inserted therein. 

37. The plasmid of Claim 36 wherein the 
5 structure is shown in Figure I. 



38. The plasroid of Claim 37 wherein the 
plasmid is pBR322. 



10 .„_ ._ _ 39. -:_A host that is compatible with and 
contains_the plasroid of ,Claim 36, .......... 



-™^~™4 0 ^ "A host of Claim 39 which is E. colir; 

15 ' 41. The host of Claim 40 wherein said host 

is ! E. coli JM105 or E. coli DH5. 

42. The plasmid of Claim 36 which is 
capable of expressing the gene for human acidic 

20_ f ibroblast growth factor. _ . . - 



43. The plasmid of Claim 36 which is 
capable of expressing the synthetic nucleotide 
sequence for human acidic fibroblast growth factor- ^ 

25__ _ _ _ 

I'^+S,.**'* A protein produced by the host of 

Claim 39 capable of stimulating DNA synthesis in 
responsive cells. 

30 45. A process for the production of human 

~~aFGF""cbrripr Ts i ng- t he" fol l owing ' steps : 
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~ 50* A wound healing pharmaceutical 
composition comprising a pharmaceutical carrier and 
an effective wound healing aroound of the recombinant 
5 human acidic fibroblast growth factor of Claim 29* 



51. A wound healing pharmaceutical 
composition comprising a pharmaceutical carrier and 
an effective wound healing amoujut of the 
10 microheterogeneous forms of recombinant human acidic 
fibroblast growth factor. -~ - 



• i m * * v 



527" A method of promoting wound healing 
whic^" co*mprise's~the administration to a patient in 
15 need of such treatment of an effective wound healing 
amount of the recombinant human acidic fibroblast 
growth factor of Claim 27. 

53. A method of promoting wound healing 
20 which comprises the administration to a patient in 
- need of such "treatment of an effective wound healing 

amount of the recombinant human acidic fibroblast 

growth factor of Claim 28. 

25 54 . A method of promoting wound healing 

L which ^comprises the administration to a patient in.__ 

need of such treatment of an effective wound healing 
amount of the recombinant human acidic fibroblast 
growth factor of Claim 29. 

* - 

30 _ _ _ • 

557" A'lrTethod '^""promoting wound healing 

which comprises the administration to a patient in 
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need of such treatment of an effective growth 
promoting amount of the tuicroheterogeneous forms of 
recombinant human acidic fibroblast growth factor. 

5 56 • A method of purifying recombinant^ 

acidic fibroblast "growth factor (aFGF) in pure form 
comprising the following steps: 



10 



a . 



Partial purification of . 
recombinant aFGF by an affinity 
chromatography matrix and. an 
acceptable eluant; followed by 



b. 



15 



final purification of partially 
purified recombinant aFGF by 
reverse phase high performance 
liquid chromatography using an 
alkyl silane substrate and an 
acceptable eluant. 



20 



... _ ^ 57 . ~ A method-according- to Claim 56, Step a/ 
wherein the affinity matrix is heparin-Sepharose. 





58. A method according to Claim 56, Step b, 
25 wherein thecal kyl silane substrate contains between 3 
and 18 carbon atoms. - . — - 



59. A method according to Claim 56, Step b, 
wherein the alkyl s:lane substrate contains 4 carbon 
30 atoms. 



60. A "method" according to Claim" 56, Step a, 

where i r, - sFCF - i s e luted with sodium chloride. 
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61. A method according to Claim 56, Step b, 
whetein aFGF is purified by an elution gradient 
consisting of an acid and an organic solvent. 

5 62 • A method according to Claim 61 wherein 

--^t he" acid is t rif luoroacetic acid, phosphoric acid or 
acetic acid. 

63. A method according to Claim 61 wherein 
10 the organic solvent is acetonitrile or ethanol. 
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